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ASSEMBLY OF INDUCTORS WOUND ON
BOBBIN OF ENCAPSULATED ELECTRICAL
COMPONENTS

BACKGROUND OF THE INVENTION

This 1nvention relates to electrical component inductor
assemblies and, 1n particular, to assemblies of inductors and
other electrical components, such as capacitors, and to
methods of making the same.

Conventional inductor/capacitor assemblies, such as But-
terworth filters include a bobbin having a plurality of coils
wound thereon which are connected to a bank of separately
mounted capacitors. Typically, two bobbins, provided with
wound coils, are mounted on opposite sides of a bank of
capacitors. The coils of each bobbin are connected to
capacitor electrodes on the same side as the coil.

More specifically, referring to FIG. 1, there 1s illustrated
an electrical schematic of a conventional Butterworth filter

10 which includes a bank of capacitors, C,—C,, intercon-
nected with a plurality of coils L,—L.. Physically, referring
to FIG. 2, the coils L,—L. are wound on first and second
bobbins 11, 12 which are arranged on opposite sides of the
bank of capacitors C,—C,. More specifically, the coils L, L,
and L, are wound between respective flanges of the bobbin
11 and the coils L, L< and L. are wound between respective
flanges of the bobbin 12. The respective ends of the coils L,

L, and L; are connected to respective first electrodes 13 of
the capacitors C,—C, on the side facing the coils L,, L., and
L. and the respective ends of the coils L,, L and L, are
connected to respective second electrodes 14 of the capaci-
tors facing the coils L,, L. and L..

One of the problems associated with the prior art filter 1s
the necessity of using two bobbins.

Further, prior art bobbins employ flanges to provide
predetermined spacing between the imnductors so as to facili-
tate the winding process and to maintain the winding pitch
between each inductor. Flanged bobbins, however, are more
costly and space consuming than unilanged bobbins.

Additionally, in conventional assembly of the prior art
filter, the coils are not connected to the capacitors until after
the capacitors are mounted to a printed circuit board. As a
result, testing of the filter cannot be done until after the
capacitors and coils have been assembled on the printed
wiring board and mterconnected. Accordingly, testing of the
filter 1s more complicated than if the filter could be tested
prior to assembly on the board. Further, any defects 1n the
filter require costly and time consuming repair procedures.

To address these problems an improved assembly and

method of making has been proposed in related application

Ser. No. 08/688,564, filed Jul. 28, 1996, and entitled
“INDUCTOR ASSEMBLY AND METHOD OF MAKING
SAME”, the entire disclosure of which i1s incorporated
herein by reference (hereinafter “the 564 application™). In
accordance with the 564 application, an inductor assembly
includes a plurality of electrical components, such as
capacitors, attached to a flangeless bobbin at spaced loca-
tions. Respective coils are wound about the bobbin between
adjacent ones of the plurality of electrical components, the
spacing between adjacent electrical components determin-
ing the pitch of the coils wound therebetween.

The 564 application overcomes the problem of conven-
fional assemblies by providing an inductor/capacitor assem-
bly which utilizes a single bobbin and which can be sepa-
rately tested.

SUMMARY OF THE INVENTION

The object of the present invention 1s to provide an
electrical component assembly which, like the assembly of
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the 564 application, utilizes a single bobbin and which can
be separately tested, but which 1s less expensive to manu-

facture and 1s more compact.

In accordance with the present invention, the foregoing,
and other objects are accomplished by an electrical compo-
nent assembly which includes a plurality of spaced electrical
components, a pair of respective leads extending from each
clectrical component and a common encapsulant encapsu-
lating the electrical components such that portions of each of
the leads extend from the encapsulant.

In accordance with one aspect of the mvention the elec-
trical components are capacitors. In accordance with another
aspect of the mvention, bobbins are formed between adja-
cent capacitors and respective coils are wound about the
bobbins, each coil having respective ends connected to a
lead of one of the capacitors.

In accordance with a further aspect of the invention, a
method 1s provided for manufacturing an electrical compo-
nent assembly, which method 1ncludes the steps of providing
a lead frame comprising a pair of spaced longitudinally
extending support members having a plurality of spaced lead
clements extending transversely from each support element.
The respective lead elements from one support member
extend towards and are 1n alignment with respective lead
clements extending from the other support elements so as to
form pairs of aligned lead elements. Respective electric
components are then attached to pairs of the aligned lead
clements. Thereafter, the electric components and the ele-
ments are encapsulated such that the electrical components
are Tully encapsulated and that portions of the lead elements
extend from the encapsulated body. The support members
are then severed from the lead elements.

In accordance with one aspect of the method, the electri-
cal components are capacitors. In accordance with another
aspect of the invention, the encapsulation i1s such that
bobbins are formed between adjacent capacitors. Coils are
wound about the bobbins and connected to respective
capacitors.

Other aspects and advantages of the invention will
become apparent from the following more detailed
description, taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an electrical schematic of a conventional but-
terworth filter.

FIG. 2 1s a plan view of a prior art assembly of the filter
of FIG. 1.

FIG. 3 1s a plan view of a lead frame employed 1n the
manufacture of a molded electrical component assembly in
accordance with the present invention.

FIG. 4 1s an elevational view of the lead frame of FIG. 3
after the upward bending of the ends of the leads thereof.

FIG. § 1s an elevation view showing a capacitor inserted

between and soldered to the upwardly bent opposing leads
of the lead frame of FIG. 2.

FIG. 6 1s a plan view of the assembly of Fig. after
molding.

FIGS. 7 and 8 are plan and elevated views of the assembly
of FIG. 5 after severing of the side rails of the lead frame
thereof.

FIG. 9 1s a perspective view showing first and second
ogroups of coils wound on the assembly of FIGS. 7 and 8 and
connected to respective capacitors thereof to form a filter.

FIG. 10 1s a perspective view showing the filter of FIG. 9
prior to winding the second group of coils.
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FIG. 11 1s a perspective view showing the filter of FIG. 10
after the second group of coils has been wound with the first
ogroup of coils not shown for the sake of clarity.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)

Referring now to the drawings and, 1n particular to FIG.
3, there 1s shown a lead frame 20 used 1n the manufacture of
an electrical assembly 1n accordance with the present inven-
tion. The lead frame 20 includes a pair of spaced, parallel
support elements or rails 21 having a plurality of lead
clements 22 extending from each rail 21 towards the other
rail 21. Respective ones of the lead elements 22 extending
from one rail 21 are aligned with respective ones of the lead
clements 22 extending from the other rail 21 to form pairs
of aligned leads.

The lead frame 20 1s typically 0.008 to 0.10 inches in
thickness and 1s formed of phosphor bronze or bronze alloy
by a conventional stamping machine. Each rail 21 includes
a plurality of index holes 23 to facilitate forming and
assembly operations.

As best seen 1n FIG. 4, the ends 24 of each of the lead
elements 22 are bent upwardly approximately 90° .
Thereafter, as seen 1n FIG. 5, electrical components, such as
flat capacitors 26, are inserted between opposing ends 24
and the capacitors 26 fixed to the ends 24 by solder 27, for
example. Advantageously, the soldering 1s effected using a
conventional mass soldering technique, such as dip or tlow
soldering.

After soldering, the assembly of the lead frame 20 with
the attached capacitors 26 1s placed 1n a conventional
molding press (not shown), which has dies shaped such that
after molding, as seen 1n FIGS. 6, each of the capacitors 26
1s fully encapsulated with bobbins 28 formed between
adjacent capacitors and with portions 29 of the lead elements
22 left unmolded, the encapsulated capacitors being desig-
nated by the reference numeral 31. The encapsulating mate-
rial 1s typically a magnetic material, such as a combination
of powder, 1ron and plastic.

Referring to FIGS. 7 and 8, after removal from the
molding press, the rails 21 are severed, leaving a molded
assembly 32 comprising the encapsulated capacitors 31
separated by respective bobbins 28, with each encapsulated
capacitor 31 having extended leads 33. Advantageously, the
ends 34 of the leads 33 are bent 1n an S-shape so that the
ends 34 extend below the bottom surface of the encapsulated
capacitors 31 to enable mounting of the assembly 32 to
another component, such as a printed circuit board (not
shown).

To form a capacitor-inductor assembly, coils are wound
on each bobbin 28 and are connected to respective leads 33.
More specifically, referring to FIG. 9, to form a filter 40,
such as the Butterworth filter shown 1n FIG. 1, first and
second groups of coils L, L, and L; and L,, L. and L.,
respectively, are wound about the assembly on the bobbins
between respective ones of the encapsulated capacitors,
designated capacitors C,—C, 1n FIGS. 9-11, with the second
ogroup of coils L, L and L. being wound over the first group
L,, L, and L;. Although the coils L,—L. may be wound as
discreet entities, with the respective ends of the coils then
connected to respective leads of the capacitors, preferably
the coils L,—L, are wound continuously.

Referring to FIG. 10, in accordance with a preferred
embodiment of the method, the coils L;—L; of the first group
are formed by first winding one end of a wire 41 around a
first lead 33a of the first capacitor C,. The wire 41 1s then
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wound about the bobbin 28a between the capacitors C, and
C, to form the coil L,. The wire 41 1s then wound about a
first lead 33a of the capacitor C, and then about the bobbin
28D between the capacitors C, and C, to form the coil L..
Then, the wire 41 1s wound about a first lead 33a of the
capacitor C, and about the bobbin 28¢ between the capaci-
tors C; and C, to form the coil L;. The wire 41 1s then wound
about a first lead 33a of the capacitor C,,.

Referring to FIG. 11, the coils L, L and L, of the second
ogroup are formed by winding a wire about the respective
bobbins 284—28c¢ continuously with the portions between
the coils L,, L. and L, being wound about respective
capacitor second leads 33b.

The second group of coils L,, L and L. are wound by
winding backward from the end of the first winding to the
start of the winding without changing the turning or winding
direction. This results 1n a desirable reversal of polarity for
the second coils. If reversal of polarity 1s not desired, then
the winding direction for the second coils 1s made opposite

to that for the first coils. The spacing between the capacitors
C,, C,, C; and C, facilitates maintenance of the winding
pitch thereby enabling use of a flangeless bobbin.

After winding, the leads may be soldered by, for example,
dip soldering and the soldered leads inserted into and
soldered to through holes 1n a printed wiring board.

The winding for both embodiments may be effected by
any suitable winding method and machine. Examples of
suitable machines are multispindle winding machines, such
as the WM?2001/4-200, WM?2001/6-100 and WM?2002/6-

100 available from Marsilli & Co. spa, Castelleone, Italy.

Advantageously, because the coils L,—L. and capacitors
C,—C, are electrically interconnected, the assembly may be
tested prior to its being mounted to a printed wiring board.

From an electrical schematic standpoint, the filter 40 and
the prior art filter 10 of FIG. 1 would appear to be electri-
cally 1dentical. That 1s, schematically the filter 40 would be
represented by the same schematic shown 1n FIG. 1 for the
filter 10. From an electrical performance standpoint,
however, the filter 40 exhibits significantly improved per-
formance over the filter 10. More specifically, due to the
extremely short mterconnect between the inductor ends and
the capacitors, there 1s substantial improvement 1n 1nsertion
loss and a reduction 1n unwanted leakage as compared to the
prior art filter 10. Also, by sharing a common core, coupling
and matching of the coils 1s improved, thereby improving
differential to common and common to common rejection.

Although the present invention has been described in
relation to particular embodiments thereof, many other
variations and modifications and other uses will become
apparent to those skilled 1n the art. For example, although
the invention has been described in connection with a
Butterworth filter, as should be apparent, its use 1s not so
limited and the mmvention may be used in connection with
other filters and other inductor assemblies, such as delay
lines. Also, although the invention has been described in
connection with assemblies of inductors and capacitors, 1t
may be used 1n connection with assemblies of inductors and
any other electrical components, such as resistors, or to
make any assembly of electrical components. It 1s preferred,
therefore, that the present 1invention not be limited by the
specific disclosure herein, but only by the appended claims.

What 1s claimed is:

1. An electrical component-inductor assembly, which
COMPriSEs:

a plurality of spaced electrical components;

a pair of respective leads extending from each electrical
component;
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a common encapsulant encapsulating the electrical com-
ponents such that portions of each of the leads extend
from the encapsulant and such that bobbins are formed
between adjacent electrical components;

a first group of coils, each of the coils of the first group
being wound about a respective bobbin between adja-
cent ones of the plurality of electrical components;

a second group of coils, each of the coils of the second
group being wound about a respective bobbin between
adjacent ones of the plurality of electrical components
and over the coils of the first group; and wherein

the spacing between adjacent electrical components deter-
mines the pitch of the coils wound therebetween and
the electrical components and the coils of the first and
second groups are electrically interconnected.
2. The assembly of claim 1, wherein the electrical com-
ponents are capacitors.
3. The assembly of claim 1, wherein the encapsulant
includes a magnetic material.
4. A filter, comprising:

a plurality of spaced capacitors;
cach capacitor having first and second leads;

a common encapsulant encapsulating the capacitors such
that portions of each of the leads extend from the
encapsulant and such that bobbins are formed between
adjacent capacitors;

first and second groups of coils, each coil of the first group
being wound about a respective bobbin between
respective ones of the capacitors and each of the coils
of the second group being wound about a respective
bobbins between respective ones of the capacitors and
over the opposite respective coils of the first group, the
spacing between adjacent capacitors determining the
pitch of the coils wound therebetween; and

cach of the coils of the first group being connected to
adjacent first leads of the capacitors and each of the
colls of the second group being connected to adjacent
second leads of the capacitors.

6

5. A filter according to claim 4, wherein each coil of the
first group of coils has first and second ends which are
connected to the first leads of adjacent capacitors and each
end of the second group of coils has first and second ends

> which are connected to the second leads of adjacent capaci-
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6. The assembly of claims 5, wherein the encapsulant
includes a magnetic material.

7. A filter comprising:

a first series branch including a first series of first induc-
tors;

a second series branch including a second series of second
inductors equal in number to the number of inductors 1n
the first series branch;

a plurality of capacitors connected 1n parallel between the
first and second series branches, each capacitor having
first and second leads;

a common encapsulant encapsulating the capacitors such
that portions of the respective first and second leads of
the capacitors extend from the encapsulant and such
that bobbins are formed between adjacent capacitors;
and

cach of the first and second 1nductors including respective
colls, each coil of the first inductors being wound about
a respective bobbin between respective ones of the
capacitors and each coil of the second inductors being
wound about a respective bobbin between respective
ones of the capacitors and over the opposite respective
colls of first inductors, the spacing between adjacent
capacitors determining the pitch of the coils wound
therebetween.

8. A filter according to claim 7, wherein the coils of the

first and second 1nductors are wound 1n the same direction.

9. A filter according to claim 7, wherein the coils of the
first and second 1nductors are wound 1n opposite directions.
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